The WatSupY (Watsup Model Systems Ltd) model is a high resolution model of dendritic water supply networks formed by interconnected modules. Each module, e.g. a house, office, etc, can have multiple users using elemental demands, which can be stochastic or deterministic, to produce representative flows. Elemental demands represent water using devices, e.g. a toilet, and are modelled as flow against time. Stochastic elemental demands have modeller defined variability and can include queuing. Deterministic elemental demands occur at fixed times.
INTRODUCTION
The stochastic nature of water supply system operation is caused by the ever changing pattern of consumption.
Methods for estimating water usage vary greatly, from the use of metering and surveys (Edwards & Martin 1995) to the examination and monitoring of a water supply system operation and the fitting of distribution functions and parameters to produce stochastic consumption methods (Verbitsky 1993 ).
Verbitsky ( de-sac, high-rise apartments). Expressions were derived for the mean variance and probability distribution of the flow rate and corresponding pipe Reynolds number at any time and point in the system. It was found that the PRP queuing model provided a reasonable description of the temporal and spatial variability of flow in dead-end supply networks, whilst requiring few parameters. Buchberger & Wells (1996) extended the work of Buchberger & Wu (1995) by testing the model for instantaneous water demands against four data logged single dwellings. Each dwelling provided a full year's inflow data logged at one second intervals. Using this data, individual rectangular flow pulses were created using signal smoothing and pulse separation techniques and compared with the PRP model. They concluded that water demands for internal domestic use could be characterised by equivalent rectangular pulses and that a PRP was a good representation for dead-end supply networks, although the variation in daily routine did sometimes go beyond the bounds of a Poisson process.
Following on from this work, Buchberger & Lee (1999) enlarged the case study to 21 houses, 18 of which they monitored for internal flows only using data loggers. Using the assumptions that the server engaged two customers at the same starting time, but allowed overlapping flows to occur, single Poisson rectangular pulses could be extracted.
Diurnal cycles were dealt with by breaking a day into 24 one-hour intervals, each of which was considered homogeneous. The results showed a strong correlation between modelled hourly cumulative flows and measured flows.
WATSUP MODEL CONCEPT
The WatSup model concept is the generation of a disaggregated model by combining an analogue of each elemental water-using unit (elemental demand), each water user (user), the groupings of water users into modules and the network connections, including leakage and component failures. This model is evaluated using a one second time step and can be run for a lengthy simulation period (e.g. years) or for multiple runs of a specified period.
Analysis of the elemental water-using units shows that two types of model, stochastic and deterministic, can represent the entire range of water-using devices. Furthermore, each elemental water-using unit can be associated with a number of users. Users can be grouped into modules/nodes which represent supplied units, e.g. a dwelling, office or factory unit, etc. In this way a model can be built to represent the analogue of the physical system and can model the characteristics of water-using devices taking into account the habits of users. Multiple, mixed or similar units (modules) can be included in a model, as can component and network failure characteristics, thus leading to a comprehensive model of a given network.
probability of toilet use is higher during waking hours than during sleeping hours, the probability of using an office toilet is higher during a weekday than at a weekend and the probability of watering a garden is higher during the summer months than during the winter months. All of these factors can be taken into account when building a model so that the model output is representative of reality over extended time periods.
Deterministic demands can be defined as water usage at fixed intervals or at set times. For example, a process plant running through a production cycle, or a dishwasher running off a time clock to use cheap rate electricity. 
PHYSICAL SYSTEM
The physical system describes the physical limitations of the system such as flow constraints, tank/reservoir capacities, The most basic form of probability, Prob, of a stochastic elemental demand being used in any given time step is given by:
The Ta of a stochastic elemental demand may be altered by 1 increase the likelihood of use whilst those less than 1 decrease the likelihood of use. An example when this factor may be used is a washing machine, where one user typically uses it for all the household, but the total number of users within the household alters the interval between use and therefore the probability of use in any time step interval.
The probability of a demand being used in any given time step with variation due to the number of users and a spread in the average Ta is given by:
where Fn is a random number in the range^1/2 Ta Span. where Ts is given in seconds. This is used to adjust all the time points within each flow time series. An example of the effect of Ta Span on a time series is shown in Figure 2 .
Scaling of the flow values of the points is carried out using the usage span, U Span, which randomizes the usage factor in the range U^1/2 (U Span). Usage span is given as a percentage of the usage factor. The same factor value is applied to each value in the time flow series to maintain consistency (see Figure 3 ).
Deterministic elemental demands are used when the elemental demand is known to occur at a fixed interval, or at predetermined times. Water-using machines or equipment may, for example, go through a fixed period wash cycle or have predetermined times at which a resource is required.
Deterministic elemental demands can be specified in two ways: the first is with a fixed interval Ta and an initial offset for the beginning of the model run, while the second is for the elemental demand to occur at exact times. Additionally, the fixed times may be repeated using a daily or weekly cycle.
Deterministic elemental demands have fixed demand rate profiles which are not altered by any stochastic sizing factors.
Elemental demand queuing caters for the occurrence of an elemental demand that is already in use which is required again. Two options are possible when this occurs. 
SYSTEM RELIABILITY
The system reliability describes the reliability of various parts of the system and how failures of parts of the system will manifest themselves. There are two types of system reliability:
network and equipment. Network reliability describes the reliability of the pipe network whilst equipment reliability deals with valve and pump reliability. Network reliability, which refers to leaks, is modelled by additional stochastic demands. The models of reliability incorporate the ability to respond to failures and repair them, again as stochastic processes, so that after a suitable time period the failed part of the system can be brought back into operation. Both types of reliability use a non-homogeneous Poisson process to describe failures using time intervals and variation spans that alter the intervals within a range; both the intervals and spans have the unit of time (seconds).
The general form of the probability equation used to find failure intervals using an interval, I, and span, S, where Fn(S) is a random function Fn in the range^1/2 S is:
Network reliability describes how failures within the pipe supply network manifest themselves. The entire dendritic network is treated in the same way with no allowance made for different pipe types, size, pressure, length, age, condition, etc. Network reliability is described using three time time is calculated using a pseudo random number to generate a mean identification time, R, and a span of R Span within the range of R^1/2 (R Span).
Network reliability for the entire network is divided into non-overlapping percentage intervals of the maximum capacity of the supply pipe, with each interval having any width. In this way a pipe can be described by many percentage intervals, each with a different probability of occurrence. 
where dm is the elemental demand mains flow profile (m 3 ), dt is the elemental demand tank flow profile (m 3 ), i is the elemental demand index, n is the number of elemental demands active within the module, T is the internal elemental demand's time index, Vt is the total internal tank volume required (m 3 ) and Vm is the total mains volume required (m 3 ).
Internal module flows are next calculated to give the required flow at the mains inflow point of the module.
External mains and tank requirements are then added to external modules that are fed from the module and system reliability generated flows are added as shown in Eq. (7):
where Q is the required volume (m shows that household water demands do not necessarily follow a non-homogeneous Poisson process and, hence, household water usage is not a non-homogeneous Poisson process (Buchberger & Wu 1995; Buchberger & Wells 1996; Buchberger & Lee 1999) . Currently, the only way around such a problem is to use a deterministic demand. For demands which occur at a greater frequency the problem is not so great.
One possible solution is to add a factor that links a previous demand's use to the probability of the demand's use again.
Another solution is to create a composite deterministic stochastic elemental demand that, for example, would give a window in which a demand would stochastically occur and, once used, would not occur again until the next window of opportunity. This would allow, for example, a user to take a bath once every evening between 9 pm and midnight. The third alternative would be to develop a Human Activity Model (HAM) that reacts with the other users. These alterations have currently not been implemented.
An additional problem that can occur is that one demand is dependent upon another demand's activation and conclusion. For example, to always use the washbasin after using the toilet. This is currently only possible by The testing of one single demand has also allowed the testing of the refilling of the header tank. Tests have shown that a very accurate refill profile can be achieved. Figure 6 shows a bath being run. At first, both hot and cold taps are running and then the hot tap is turned off. It can be seen that the bath is able to take water at a faster rate than the supply because the bath is fed from the tank and not directly from the mains. It has been noticed during the testing of the WatSup model that not all human/machine water using behaviour can be modelled using purely deterministic or stochastic approaches and that some linkage between the events and the users needs to be undertaken to enable more realistic behaviour to be represented. There are two possible solutions to this problem. 
